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One-step inactivation methods have become common for constructing chromosomal deletion mutants in Gramnegative bacteria such as Escherichia coli and S. enterica (Datsenko and Wanner, 2000) . In this method, a small (1, 1.3, or 1.5 kb) antibiotic marker cassette is amplified to possess approximately 40 bp regions homologous to upstream and downstream regions of the target gene, respectively, at both ends of the resulting cassette by PCR. Then, to facilitate double crossover events at the target gene on the chromosome, this linear DNA fragment is transformed into bacterial cells expressing lambda Red recombinase. Because the cassette was designed to harbor two FRT sites at the both ends of the antibiotic marker, it can be removed In vivo cloning of large chromosomal segments into a BAC derivative by generalized transduction and recombineering in Salmonella enterica (Received March 5, 2016; Accepted April 12, 2016 ; J-STAGE Advance publication date: September 23, 2016) Akinori Kato* Agriculture, Kindai University, Nara, Japan Introduction Recombineering-based in vivo specific cloning methods (Bubeck et al., 1993; Jacobus and Gross, 2015; Li et al., 2011; Oliner et al., 1993; Spiliotis, 2012; Thieme et al., 2011 ) are capable of difficult constructions because it is unnecessary to select possible combinations of restriction from the target gene disruption site by Flp recombinase expressed from the pCP20 plasmid (Cherepanov and Wackernagel, 1995) , leaving a single FRT, "scar" (Datsenko and Wanner, 2000) . Thus, the cassette used for the first run can be reused for following gene disruption events by additional one-step inactivation to generate multiple gene deletion mutations on different chromosomal locations of a strain. Moreover, the scar could be a target of integration for another DNA segment, such as reporter plasmids possessing an FRT (Ellermeier et al., 2002) . Due to its reliance on PCR, the marker cassette and its chemically synthesized junction regions tend to retain undesired substitution(s). In other words, with the exception of a relatively small region, which can be confirmed easily by direct sequencing of colony PCR products, the remainder of the chromosome sequence is a precise clone of the parental strain and should provide a clean genetic resource.
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In S. enterica, P22 phage is employed to fulfill general transduction (Davis et al., 1980) . During lytic growth and replication within a donor strain, the nuclease of P22 phage cleaves sequences resembling the P22 pac site on Salmonella chromosome, and up to approximately 48 kb of Salmonella chromosomal DNA segments (approximately 1/ 100 of its genome) are incorporated into a certain portion of P22 particles generated instead of P22 phage genomic DNA. P22 particles carrying chromosomal DNA fragments from the donor strain can still inject DNA into a recipient strain and recombine their DNA into its chromosome by host RecA-mediated homologous recombination. While wild-type P22 phage can transfer DNA fragments from all regions of the chromosome, the nuclease of high transducing (HT) frequency mutant P22 phage, which exhibits less specificity for the pac sequence, facilitates movement to virtually any portion of the chromosome with less bias in a robust manner.
Here, P22 phage is employed to bring target insert segments that have been marked by FRT sites on the donor Salmonella chromosome, which was derived from Redmediated marker cassette integration events, to recipient strains containing the pCP20 plasmid and a BAC derivative plasmid carrying an FRT site, to dock the inserts. This novel in vivo cloning method was able to clone a chromosome segment larger than 19 kb (theoretically up to approximately 48 kb), to complement a polar mutant of the corresponding gene cluster in S. enterica and, in general, will be useful for cloning large chromosome segments precisely into a single copy plasmid.
Materials and Methods
Bacterial strains, plasmids, and growth conditions. Bacterial strains and plasmids used in this study are listed in Bacterial strains and plasmids used in this study. Table 1 . All Salmonella enterica serovar Typhimurium strains are derived from wild-type 14028s and were constructed by phage P22-mediated transductions as described (Davis et al., 1980) . Bacteria were grown at 37∞C in LB or N-minimal media (Snavely et al., 1991) buffered with 50 mM Bis-Tris, pH 7.7 and supplemented with 0.1% casamino acids, 38 mM glycerol and 10 mM or 10 mM MgCl 2 . Ampicillin and kanamycin were used at 50 mg/ml, chloramphenicol at 20 mg/ml, tetracycline at 10 mg/ml, and spectinomycin at 100 mg/ml. Primers used in this study are listed in Table 2 .
Construction of chromosomal gene deletion mutants.
Strain EG16463, AK1560, AK1561, AK1562, AK1564, and AK1592, all of which are direct derivatives of wildtype 14028s, were constructed by the one-step inactivation method (Datsenko and Wanner, 2000) . A Km R -FRT sequence was amplified using primers 5425 and 5427 with pKD4 as template and recombined into a region between pbgE3 and pmrD on the 14028s chromosome to construct the EG16463 strain. Km R cassettes were amplified using primer pairs A2005/A2006 and A2012/A2013 with pKD4 as template and recombined into regions upstream of the pmrD and pmrC promoters on the 14028s chromosome, resulting in the construction of the strains AK1560 and AK1561, respectively. To make the AK1562 strain, the tetA gene together with an FRT site was amplified using primers A2003 and A2004 with the phoQ::Tn10 (MS5996) chromosomal DNA as the template and recombined into a region downstream of the pmrG gene on 14028s chromosome. The tetRA genes together with an FRT site were amplified using primers A2014 and A2015 with the phoQ:: Tn10 (MS5996) chromosomal DNA as the template and recombined into a region upstream of the pmrR gene on the 14028s chromosome, resulting in construction of the AK1564 strain. In order to construct the AK1592 strain, a Sp R marker was amplified using primers A2370 and A2371 with the Dp pmrD -pmrD::Sp R (EG16468) chromosomal DNA as template and recombined into the recA gene on the 14028s chromosome. AK1562 was transduced with P22 phages that had been prepared from laboratory stocks of DcheV::FRT-Cm R -FRT and Dpta::FRT-Cm R -FRT strains, resulting in the construction of the strains AK1595 and AK1597, respectively. Plasmid construction. pAK1001, which has a Km R cassette insertion between BamHI and HindIII sites of pBAC108L (Shizuya et al., 1992) , was constructed by the one-step inactivation method (Datsenko and Wanner, 2000) . A Km R cassette was amplified using primers 5423 and 5424 with pKD4 as the template, and recombined into a region between BamHI and HindIII of pBAC108L in the DH5a strain.
Preparation of P22 phage lysates. 2 ml of diluted P22 HT int phage stock (approximately 10 6 phage) was mixed with 150 ml of overnight LB culture of a donor strain containing a target (i.e., insert) DNA fragment and 3 ml of melt LB top-agar (0.6%) that had been held at 50∞C and laid over wet LB 1.5% agar plate. After overnight incubation at 37∞C in a closed (humid) box, 5 ml of LB was overlaid on the surface of a clear top-agar layer full of overlapping plaques. Then, the top-agar as well as overlaid LB were harvested into a 15 ml tube containing 200 ml of chloroform and shaken vigorously for 30 s. Debris of topagar and bacterial cells were removed by centrifugation at 4,000 g for 15 min. The supernatants were transferred to new 15 ml tube containing 200 ml of chloroform and shaken vigorously for 30 s. After a second centrifugation at 4,000 g for 2 min, the supernatants were collected and stored over chloroform at 4∞C.
Transduction. For construction of pAK1003, the EG16468 strain harboring pAK1002 and pCP20 was grown at 30∞C in LB containing ampicillin and chloramphenicol overnight. 2 ml of phage lysate that had been prepared from the donor strain EG16465 containing a target fragment was mixed with 2 ml of recipient strain, incubated at 37∞C for 15 min, and centrifuged at 9,000 g for 2 min. Then, supernatant was removed except for an aliquot (approximately 50 ml) that was used to resuspend the pellet. After incubation at 37∞C for 1 h, the bacterial cells were spread onto LB agar plate containing spectinomycin and kanamycin and incubated at 37∞C overnight. For the construction of pAK1004 and pAK1005, the AK1592 strain harboring pAK1002 and pCP20 was grown at 30∞C in LB containing ampicillin and chloramphenicol overnight. A 2 ml aliquot of the culture was centrifuged at 9,000 g for 2 min. Then, supernatant was removed except for an aliquot that was used to resuspend the pellet. Immediately 5425  GGCGGGGGTAATGCTGATTTTTCTGCCCGCCAGATCATGAAGAGCGCTTTTGAAGCTGGG  5427  CTGCGACGAATGGCAGCGGTTGACGCGCAAGCCATCATGAGTGTAGGCTGGAGCTGCTTC  A2003  GACAGCCGCTTCAGGCTGTCTTTACGCTTTTAACATGCGGCGAAGTTCCTATACTTTCTAGAG  AATAGGAACTTCGCTCTAATGCGCTGTTAATCACT  A2004  CGGAAAACTCTTTTTAGATGGTGAATTTGTTCCCGGCTAGCTAAGCACTTGTCTCCTGTT  A2005  TTAATTTTTACAGTTCTCACACACCCACTGCTGGAGCGCAGTGTAGGCTGGAGCTGCTTC  A2006  CGTCAGAACTGAAAAACGGAGGGATTAAAATATCTCGCCGCATATGAATATCCTCCTTAG  A2012  AAACCCGTATCCGCTGGATGCGCCGGTTAAACAGGATTGAGTGTAGGCTGGAGCTGCTTC  A2013  CTATCCGGCCTGTTGCGATAACATTAACTACACGTGGTCACATATGAATATCCTCCTTAG  A2014  TGCCCGCGAGAGATTAAGCGAACCTTAAGCGCGAAATTTAAGACCCACTTTCACATTTAAG  A2015  TTCGCGTCTGGTACAGCAACATCCGCGTATCGATGAATAACGAAGTTCCTATTCTCTAGAAAG  TATAGGAACTTCGCTAAGCACTTGTCTCCTGTT  A2370  ACTATCCGGTTCAATACCAAGTTGCATGACAGGAGTAATAGCTGTAATGCAAGTAGCG  A2371 ATGGCGGCTTCGTTTTGCCCGCCCCACCATCACCTGATGATTATTTGCCGACTACCTTGG Table 2 . Primers used in this study. (A) General construction steps of a donor strain containing a target DNA. The first marker cassette (e.g., FRT-Km R -FRT) generated by PCR is inserted at one end (a) of the target DNA (<~48 kb) on the Salmonella chromosome by the general one-step inactivation method (Datsenko and Wanner, 2000) . (I) When the second marker is going to be the same, the first marker cassette is removed by the pCP20 plasmid. After curing of pCP20, an incomplete cassette (e.g., Km R -FRT) generated by PCR is integrated to the other end (b) of the target by Red-mediated recombination. (II) Following the first marker cassette (e.g., FRT-Km R -FRT) insertion (a), a different marker-FRT (e.g., tetA-FRT) is integrated at the other end (b) of the target by Red-mediated recombination. (B) Model illustrating processes of the in vivo cloning. A target segment on the chromosome is dissected by an FRT site and an antibiotic marker-FRT sequence (e.g., Km R -FRT) in a Salmonella strain as described in A-I. P22 phage lysate is prepared from this strain as a donor. A recipient strain possesses insertion of another antibiotic marker (e.g., Sp R ) at the corresponding site of the original antibiotic marker-FRT insertion in the donor strain or the recA mutation, to counter-select or prevent RecAdependent homologous recombination, and harbors the pCP20 and pAK1002 plasmids, respectively. A portion of P22 phage particles pack and transfer the target DNA together with the marker (e.g., Km R ) and FRT sites from the donor chromosome into the recipient strain, resulting in the site-specific integration of the target segment into the pAK1002 plasmid. The cells containing the desired clone can be selected on an LB agar plate containing antibiotics for both markers (e.g., Sp R and Km R ).
after 2 ml of phage lysate that had been prepared form the donor strain AK1563 or AK1565 was mixed with the suspension, the mixture of bacterial cells and phage was spread onto LB agar plate containing tetracycline and incubated at 37∞C overnight.
Polymyxin B sensitivity assay. A 1-h polymyxin B sensitivity assay was performed as described (Kato et al., 2007) . In brief, overnight cultures of bacteria grown in Nminimal medium at pH 7.7 with 10 mM MgCl 2 were washed twice in N-minimal medium at pH 7.7 with no MgCl 2 and diluted 1:50 into N-minimal medium at pH 7.7 with 10 mM MgCl 2 . After 4 h of incubation at 37∞C, logarithmically growing bacteria were diluted 1:100 in LB. Polymyxin B was added to a final concentration of 5 or 20 mg/ml, and after 1 h of incubation at 37∞C with shaking, bacteria were diluted in phosphate-buffered saline (PBS) and plated onto LB agar plates. The number of CFU was determined after overnight incubation. The data correspond to mean values in duplicate.
Results and Discussion
Rationale for in vivo specific cloning by P22 transduction and Flp-mediated recombination Flp-mediated site-specific recombination of FRT-sites is widely in use to excise or insert DNA-cassettes (Datsenko and Wanner, 2000; Ellermeier et al., 2002; Sadowski, 2003) . In order to define a chromosomal target DNA fragment for the in vivo specific cloning, FRT sites were employed (Fig. 1) . Instead of preparing an entire target DNA segment by PCR amplification with primers containing an FRT site at both ends, in principle, two consecutive lambda Red-mediated recombination (i.e., onestep) events are carried out using either two copies of the same antibiotic marker (Fig. 1A-I ) or two different markers (Fig. 1A-II) . Then, in the case of (I), the first antibiotic marker cassette (e.g., FRT-Km R -FRT) is utilized to be excised at one end (a) of the target sequence on the chromosome by Flp expressed from pCP20 ( Fig. 1) , then the introduced second antibiotic marker (e.g., Km R ) possesses only one FRT site rather than two at the far end of the marker with respect to the target sequence, so as not to segregate a target/marker pair at (b) by an undesired FRT of a normal cassette for this purpose. In the case of (II), the first marker (e.g., FRT-Km R -FRT) remains intact, and the introduced second antibiotic marker (e.g., Tc R ) retains only one FRT site. The direction of the FRT sites that are going to be recognized by Flp must be the same to ensure proper recombination.
Next, P22 transduction is utilized to prepare and to transfer the insert DNA from a donor strain harboring the target segment on its chromosome to a recipient strain containing the vector plasmid (Fig. 1B) . This allows omitting steps for isolating and digesting the target DNA segment in vitro. Because P22 phage can only pack a DNA fragment up to approximately 48 kb (Sanderson and Roth, 1988) , which is the theoretical upper size limit of the in vivo cloning mediated by P22 transduction. Some portions of phage particles inject Salmonella chromosomal DNAs including the target sequence, a marker, and FRT sites into a recipient strain, thus providing the chances of recombination and integration into FRT on the pAK2002 plasmid (Fig. 1B) , which is a derivative of a single copy cloning plasmid pBAC108L (Shizuya et al., 1992) . However, P22 phage can be used to perform general transduction as well in wild-type recipient strains besides the desired Flp-me-diated specific recombination events in the presence of Flp recombinase. One way to counter-select such a background from the desired in vivo cloning is to use a recipient strain that has another antibiotic marker at the same target site (Fig. 1B) . By selecting the original antibiotic resistance phenotype of the recipient strain expressing Flp, RecA-mediated replacement of the marker (i.e., general transduction) by the target/another marker pair from the donor strain will be prevented (Fig. 1B) . Another strategy would be to use a recA -strain as a recipient instead.
Construction of strains harboring insert DNAs for Flpmediated in vivo cloning
To demonstrate the validity of the method described above, two genetic loci pmrG-pbgPE-pmrD (Groisman et al., 1997; Kato and Groisman, 2004; Nishino et al., 2006) and pmrCABR (Kato et al., 2012; Lee et al., 2004; Wösten et al., 2000) were selected that are responsible for low Mg 2+ -and high Fe 3+ -inducible polymyxin B and iron resistances in Salmonella enterica. For the first test, a Km R marker was used twice to construct a strain containing a target of this in vivo cloning method, the pbgPE operon (Figs. 1A-I and 2A) . The pmrG gene was previously deleted (Nishino et al., 2006 ) with a Km R cassette following the original one-step inactivation protocol (Datsenko and Wanner, 2000) . Another lambda Red-mediated recombination (i.e., one-step) event was conducted as described with the following modification: an incomplete cassette (i.e., FRT-Km R ) was designed to retain only an FRT site upstream of the Km R gene promoter and integrated between pbgE3 (the last gene of the pbgPE operon) and pmrD so the target sequence comes directly next to the Km R gene without any interruption by FRT (Figs. 1A-I and 2A) . After the removal of the Km R cassette from the DpmrG::Km R strain (EG17900) by pCP20 transformation and cure, the DpmrG-FRT strain (EG16628) was transduced with P22 phages that had been prepared from the pbgE3 + -Km R -FRTpmrD + strain (EG16463). Note that the same construction can be carried out by performing this lambda Red-mediated recombination event directly from the DpmrG-FRT strain (as shown in Fig. 1A ). For the second test, the complete Km R cassette (FRT-Km R -FRT) and FRT-tetA (or FRTtetRA) were used to construct strains harboring the chromosomal target fragments, pmrG-pbgPE-pmrD or pmrCABR (Figs. 1A-II, 2B , and 2C). Use of these two different antibiotic markers in the processes of integrating the two consecutive antibiotic markers at the target site on the chromosome (Fig. 1A-II ) omitted a step of the first cassette excision by the pCP20 plasmid (Fig. 1A-I ).
Transduction
P22 transduction was performed from the donor strain, in which the 9.1 kb target/Km R marker pair, pbgPE-Km R , had been marked by FRTs (Figs. 1 and 2A) , to the recipient strain harboring a Dp pmrD -pmrD::Sp R mutation on the chromosome and the pCP20 and pAK1002 plasmids. Note that the use of different markers in the same locus between the donor strain and the recipient strain was to prevent RecA-mediated homologous recombination and to increase the likelihood of Flp-mediated specific recombination and (A) By Flp-mediated recombination, a 9.1 kb insert that consists of seven genes of the pbgPE operon (pbgP1-4 and pbgE1-3), Km R marker, and FRT sites from the donor strain (EG16465), was integrated into the pAK1002 in the recipient strain (EG16468) deleted for the pmrD gene and its promoter by a Sp R marker. Colonies containing the desired clone were selected on an LB agar plate containing kanamycin and spectinomycin at 37∞C. pCP20 was cured at 42∞C. (B and C) By Flp-mediated recombination, a 10.1 kb DNA segment of FRT, tetA (Tc R ), pmrG, the pbgPE operon (pbgP1-4 and pbgE1-3), pmrD, and FRT from the donor strain (AK1563; B) and a 5.7 kb DNA segment of FRT, the pmrCAB operon, pmrR, tetRA (Tc R ), and FRT from the donor strain (AK1565: C), were integrated into the pAK1002 in the recA -recipient strain (AK1592), respectively. Colonies containing the desired clone were selected on an LB agar plate containing tetracycline at 37∞C. pCP20 was cured at 42∞C. integration of the target sequence into the pAK1002 vector in the recipient strain. The designated clone pAK1003 was confirmed from colonies that had been selected on LB agar plates containing kanamycin and spectinomycin by PCR-amplification and sequencing of junction regions between correct inserts and the pAK1002 vector (data not shown). In addition, a recA -strain was applied as the recipient strain of P22 transduction, eliminating the construction of the particular recipient strains for respective targets. FRT-tetA-pmrG-pbgPE-pmrD-FRT and FRTpmrCABR-tetRA-FRT, the target/marker pair cassettes (10.1 and 5.7 kb, respectively), were successfully transduced from the donor strains to the recA -recipient strain containing the pCP20 and pAK1002 plasmids, resulting in the construction of the pAK1004 (Fig. 2B) and pAK1005 (Fig. 2C ) plasmids on LB agar plates containing tetracycline. To compare the efficiency of RecA-mediated homologous recombination (i.e., general transduction) versus that of Flp-mediated site-specific recombination, a wild-type strain was also included as a recipient. 6.0 ¥ 10 3 and 16 colonies grew on an LB plate containing tetracycline when P22 phage lysate containing the 10.1 kb target (FRT-tetA-pmrG-pbgPE-pmrD-FRT) was mixed with wild-type and the recA -strain containing pAK1002 and pCP20, respectively. 12 out of 16 colonies (75%) were confirmed to retain the designated insert DNA on the pAK1002 vector plasmid by judging from sequence and patterns on agarose gel electrophoresis of colony PCR DNA fragments at the junction regions of the vector pAK1002 and the DNA cassette (Table 3) . A similar result was obtained from the test of the 5.7 kb target (FRTpmrCABR-tetRA-FRT) also. 2.7 ¥ 10 3 and 9 colonies appeared on the LB plate containing tetracycline from the wild-type strain and the recA -strain containing pAK1002 and pCP20, respectively. 6 out of 9 colonies (67%) were confirmed to retain the correct insert DNA (Table 3) . Likewise, 73% of the colonies harbored desired recombinant clones with a 19.0 kb target of FRT-tetA-pmrG-pbgPEpmrD---DcheV-FRT when the AK1595 strain was utilized as a donor strain for transduction. These results indicate that the target DNA fragment size did not affect much the efficiency of transduction and accuracy of Flp-mediated recombination when the target size was less than, or around, 20 kb. However, when the strain AK1597 containing a 47.5 kb target of FRT-tetA-pmrG-pbgPE-pmrD ---Dpta-FRT was used as a donor strain, no clones were obtained, even with several trials. This may be due to the size limit and some sequence preference upon DNA incorporation into P22 phage. The results also indicate that Flp-mediated site-specific recombination occurred at a much lower efficiency than RecA-mediated homologous recombination in a manner that approximately 30% clones had incorrect insert DNA even in successful cases (Table  3; i.e., the 5.7, 10.1, and 19.0 kb target). In some clones with incorrect inserts, agarose gel electrophoresis of colony PCR DNA fragments exhibited a correct size only at one side of two insert/vector junctions (data not shown). These results suggest that Flp-mediated recombination occurs even between the FRT site on the pAK1002 vector and a site of the genomic DNA similar to the FRT sequence at low frequency. However, 70% successful clones were achieved in this in vivo cloning method, which recommends it for practical use.
In order to certify further the plasmid constructed by this in vivo specific cloning method, a mutant was selected that contained a MudJ transposon insertion, which can create a lac transcriptional fusion and exhibits a polar effect on transcription downstream of the MudJ insertion (Kato and Groisman, 2004) . The pbgP1::MudJ insertion, which had originally been isolated as a PhoP/PhoQ-dependent Mg 2+ responsive lac transcriptional fusion (Soncini et al., 1996) , was shown to be under the control of another two-component system, PmrA/PmrB and the connector PmrD, and sensitive to antibiotic polymyxin B Table 3 . Transduction efficiency and accuracy of FLP-mediated recombination. Survival of strains, wild-type (14028s), DpmrA (EG7139), pbgP1::MudJ (EG9241), wild-type containing pAK1002 or pAK1003, pbgP1::MudJ (EG9241) containing pAK1002 or pAK1003 after growth for 4 h in Nminimal medium with 10 mM MgCl 2 , dilution in LB broth, and incubation in the presence of 5 mg/ml (A) or 20 mg/ml (B) of polymyxin B for 1 h. Bacteria were then diluted, plated on LB agar plates, and incubated overnight at 37∞C. On the y-axis, "% Survival" corresponds to the ratio of the number of colony-forming units in the presence of polymyxin B to the number of colony-forming units in the absence of polymyxin B ¥ 100.
the marker cassette excision by Flp expressed from the pCP20 plasmid in the processes of a target preparation in a donor strain can also be omitted. There are several examples (Bubeck et al., 1993; Jacobus and Gross, 2015; Li et al., 2011; Oliner et al., 1993; Spiliotis, 2012; Thieme et al., 2011) of recombineering plasmids, including BAC (Narayanan and Chen, 2011) . However, the technique described here is unique because P22 transduction and Flp-mediated site-specific recombination are the keys and because large chromosomal segments can be directly cloned into a derivative of BAC without isolating, amplifying, or digesting the target chromosome. Thus, a generated insert DNA is always a precise clone of the target on the donor chromosome except for junction regions. Because the P1 phage can pack up to an approximately 110 kb E. coli chromosomal fragment (Sternberg and Coulby, 1990) , this method could be applied to the cloning of even larger DNA using a E. coli recA -strain (such as DH5a and JM109) containing the pCP20 and pAK1002 plasmid and an appropriate E. coli donor strain harboring the target. The Keio collection, which is an E. coli library of 3,985 individual gene deletion mutants that were also made by the one-step inactivation method, would be useful starting material (Baba et al., 2006) . Likewise, a similar method could be applied to many other bacteria, such as Vibrio cholera (Guidolin and Manning, 1987) , Pseudomonas aeruginosa (Budzik et al., 2004) , and Serratia spp. (Matilla and Salmond, 2014) , where generalized transducing phage are available. Alternatively, or in addition, this could be extended for the subcloning of BAC clones into pAK1002 or other plasmids containing an FRT site in a recA -mutant strain expressing Flp. Therefore, generalized transducing phage-and Flp-mediated in vivo cloning of large DNA fragments into an FRT site on various vectors will be widely useful for performing accurate genetics. (Gunn et al., 1998; Kato et al., 2012; Kox et al., 2000; Wösten et al., 2000) . The MudJ insertion is located in the first gene, pbgP1, of the pbgPE operon that consists of seven genes, all of which are necessary for enzymatic attachment of positively charged 4-amino-4-deoxy-L-arabinose moiety to phosphoryl groups on lipid A (Yan et al., 2007) and thus for resistance to cationic polymyxin B as well. pAK1003, a clone containing the entire pbgPE operon (Fig. 3) , was transformed into the pbgP1::MudJ strain. The survival rate of the pmrA::Cm R strain, the pbgP1::MudJ strain, and the pbgP1::MudJ strain containing the pAK1002 vector was less than 1/1000 of that of the wild-type strain in the presence of 5 mg/ml of polymyxin B (Fig. 3A) . A similar pattern was obtained even in the presence of 20 mg/ml of polymyxin B; the survival rate of the pmrA::Cm R strain, the pbgP1::MudJ strain, and the pbgP1::MudJ strain containing the pAK1002 plasmid vector was less than 1/100 of that of the wild-type strain (Fig. 3B) . However, the pbgP1::MudJ strain containing the pAK1003 plasmid exhibited a comparable survival rate to that of the wild-type strain in the presence of 5 and 20 mg/ml of polymyxin B, (Figs. 3A and 3B), respectively, therefore indicating that the pbgP1::MudJ polar mutation was successfully complemented by the pbgPE clone that had been constructed by the method described.
Concluding Remarks
In the P22 phage-and Flp-mediated in vivo specific cloning, amplification, purification, restriction enzyme digestions, and ligation of target chromosomal DNA are not involved because P22 phage prepares the insert DNA that has been segmented by a marker-FRT and a FRT by Redmediated recombination events and is derived from the chromosome of the donor strain. Hence, it is unnecessary to sequence large insert fragments to make sure no mutation was introduced during the PCR reaction except for relatively small junction regions between the insert and vector DNA. If marker-FRT insertions are designed to be integrated into slightly distant sites from the target DNA segment of interest, sequencing would not be as crucial as a first screening. Because the single copy pAK1002 plasmid is already in the recA -recipient strain, its purification is also unnecessary for cloning. By demonstrating the generalized use of the recA -strain containing pCP20 and pAK1002 as a recipient strain, a Red recombinase-mediated marker insertion step on the genome in respective recipient strains (Fig. 1B) was successfully eliminated. Although at least two consecutive Red recombinase-mediated marker insertion events in a donor strain are needed to obtain the desired plasmid clones, these marker-FRT insertions can be reused to clone different fragments by combining with a distinct cassette insertion. Moreover, this in vivo specific cloning can be achieved with just one additional Red recombinase-mediated marker-FRT insertion event from a mutant that has been constructed by the onestep inactivation method previously. It is worth noting that a library of 3,517 single deletion mutants, all of which are derivatives of the 14028s strain of S. enterica serovar Typhimurium, is already available (Porwollik et al., 2014) . Moreover, by employing two different markers, a step in
